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d[preMPF ]
dt
= ksmpf + kimpf · [Wee1] · [MPF ] − kampf · [C25P ] · [preMPF ]
−kdmpf · [APC] · [preMPF ] − kdmpfp · [preMPF ]
d[MPF ]
dt
= kampf · [C25P ] · [preMPF ] − kimpf · [Wee1] · [MPF ]
−kdmpf · [APC] · [MPF ] − kdmpfp · [MPF ]
d[C25]
dt
=
V ic · [C25P ]
Kic25 + [C25P ]
+ ks25− kd25 · [C25] −
V apc + V ac · [MPF ] · [C25]
Kac25 + [C25]
d[C25P ]
dt
=
V apc + V ac · [MPF ] · [C25]
Kac25 + [C25]
− kd25 · [C25P ] −
V ic · [C25P ]
Kic25 + [C25P ]
d[Wee1]
dt
=
V iw · [Wee1P ]
Kiw + [Wee1P ]
+ kswee · [Wee1m]
−kdwee · [Wee1]−
V apw + V aw · [MPF ] · [Wee1]
Kaw + [Wee1]
d[Wee1P ]
dt
=
V apw + V aw · [MPF ] · [Wee1]
Kaw + [Wee1]
− kdwee · [Wee1P ]−
V iw · [Wee1P ]
Kiw + [Wee1P ]
d[APC]
dt
=
kaapcp + kaapc · [X ] · [APCi]
Kapc + [APCi]
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kiapc · [APC]
Kapc + [APC]
d[X ]
dt
= ksx · [MPF ] − kdx · [X ]
d[Wee1m]
dt
=
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Kweem + kwpcn · [PCN ]
− kdweem · [Wee1m]
d[APCi]
dt
=
kiapc · [APC]
Kapc + [APC]
−
kaapcp + kaapc · [X ] · [APCi]
Kapc + [APCi]
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dt
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b\{{hHmK, ­£JE@tjJ®KVEHbsEHJ,mVJ;QEtQ!­ª´®´'FKVEtvmJ,K8Qp"bS¢[disyHKbvHdis hHJ,s{
J
 mbjI `)bvQE¥QVEHJ3{
dimu{tjyHditjstvsy¡QEHJ3{
Jcic!{
Z\{
ciJ,K, zUrsbjsHJaEtvsy
 
J\x@J,mVdiI3Js.QtjcyHtvQtKVhHk0kjJ,K]QSQEtQ
{demu{t0y\dgtvsk0JsHJ_K!I3J,y\dgtQJ­ª´®´'QmtjsKV{mVdix\Qdeb0satvs@yab0sQEHJ'bjQVEHJ,m;Etvsy
 
d QdiK!`)JcideJ,jJ_yQEtQnNln
mJk0hHcgtQVJ_KS­ª´n´'tj{
QVdi.deQpZ¥`[ZxHEHb.K]xEHbjmZ[citvQVdisHktjsydistj{
QVditQVdisHk¡deQ, 3DFEHJmJ
 b0mVJ
 
QVEHJ^QVdiI3deskbj
QEHJ Tz±N QVmutvsKVd Qdeb0syHJx)JsyHK'sHbvQ'b0sHceZbjsQVEHJzciJ0Jcbj­ª´®´SxHmbvQVJ,des`Hh\QStjciKVb3bjsQVEHJatj{ Qdeb0s
bj­ª´®´Sbjs¡N¥lnCtjKFbjxx@b.K]J_yQb3QVEtvQ'bv;q 	 qFj~H 
T±sCQVEHJI3b\y\JcxHmJ,KVJs.QJ,yEHJ,mVJ
 
KVdes{JQVEHJ b\{
hK3dgK^bjs©QEHJ-Tz±N QVmutvs@K]deQVdibjs
 
QVEHJ¥{
b0hHxHcidesk
bjnQEHJ^Qpb¥{
Z\{ceJ_Krb0sHciZtj{,{
bjhs0QuKr bjm¬QVEHJJ,s.QVmutvdisHI3Js.Q¬bjx)Jmdeb\y2`Hh\QsHbjQzbvxEtjKVJj 3¨'b"J0Jm
 J,jJ,sQEHbjhHk0EQhHI3bjm{JciciKz¢0JJ,x£tx)Jmdeb\y2bv'MjE
 
QVEHJ,Z2tjmVJ^`@J,cediJ0J,y2QVb¥KVEHb t¡KVEHde QbvxEtjKVJj 
R"J_{tvh@K]JObvQVEJK]diI3xHcidi{d QpZbv!bjhHmr{
Jcic={Z[{ceJzmJxmVJ_K]J,s0QutQdeb0s
 
QVEHdgKSKVEHde Qr{tjsHsHbjQ'`@JdicicehK]QVmutQJ,ydis
QEHdgKOI^b\y\J,c? ^T±s2QVEHJ^ h\QhHmVJ
 
tI3bjmJa{
b0I3xHceJQVJ3I3b\y\Jc;bjnQVEJa b0hHmzxHEt0K]J_K¬bv®QEHJ{
Jcic®{
Z\{ceJ3dicec
t0{{bjhHs.Q b0mQEHJxHE@tjKVJKVEHd  QuKatjsyxHmb[diyHJt`)J
QVQVJm3tvs@tvciZ[KVdgKbvQEHJJs.QVmutvdisHI3Js.Qa{bjsy\deQVdibjs@K 
L\h{uEtI3b\y\J,c)"bjhciytjcecib«hKQVb^K]diIhHcgtQJS`)bvQEEHJ_tvceQVE[Ztvsy{,tvs{JmbjhK{
J,cecgKtjsydis{
cihy\J¬cidesH¢\K
Qb¬QVEHJ{
dimu{tjyHditjsa{
Z\{ceJFdis.0bjci[desHk S t b0m  	 EHdg{uEaI3dikjE.Q;`@Jt¬kjb[b\y^{tvs@y\diytQVJ bjm;¢0JJ,xHdesk
QEHJzx)Jmdeb\ybv;{tvs@{
Jmbjh@K"{JciciK{ceb.K]J¬QbMjE£ 
"z
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K564  locL_D:[\LK`?6A [\L]DFh [\L_A`? baL_h
°rK"x@b0des.QVJ_yb0h\QF`.Z3QEHJOmVJ_{
J,s0QFmJ,KVJ,tvmu{uEtv`)bjhHQF{,tvs{JmF{uEHmVb0sHbvQEHJmutvxdeJ_K
 
{
dim{,tjy\dgtvsmE[Z.QVEHIKF{tjs
E@tjJt0JmZCK]QVmbjsHkJ)J_{ Qb0sªQVEJ¥QVb\dg{
deQpZ tjsy QVEHJ2J
{t0{
Z bvtvs.Qd 6QVhHI3b0my\mhHk0K * +6  UrsHJ
x)b0KKVde`HciJJ\xHcitjstQdeb0s¥diKSQVE@tQSQEHJ^J
8J,{ QObvntjs.QVd& {,tvs{JmSy\mhHk.K'bjs2t ¤ EJ,tvceQVE[Z¡bjmSQVhHI3b0mVb0hK§S{
J,cecdgK"y\Jx)JsyHJs.QbjsQEHJrxEtjKVJSbjQVEHJO{
J,cec8{
Z\{ceJrdesEHdi{uEQVEtvQF{Jcic@cidiJ,K, !¨SJ,tjc QE.Z3QdiKKVhHJ,KmVJ,ItvdisHdesk
I3b.KpQceZ3K]Z[s{uEmVb0sHde³,J,y3`[ZaQVEHJ¬{
bjhxHcedisHkyHJ,K{
mde`)J,ytj`@b0J
 
d Q"diKx@b.KVKVdi`HceJ'QVbayHmt0KpQdi{,tvciceZamVJ_y\h{
JSQVEHJ
Qb\di{d QpZ`[ZdisopJ_{ QVdisHkQVEHJ^tvs.QVdeQVhI^b0m¬yHmVhHk.K'EHJ,s¥QVEJZ¥EtjmVI tjKS J|EHJ_tvceQVE[Z¥{
J,cecgKrt0K'x)b0KK]di`HciJj 
UrsCQVEJ¥bvQVEJmEtjsy
 
QVhHI3b0mVb0hK3{
JcicStjmVJ¡JdeQVEJmxHEt0K]J KVEHde QVJ_y ¤ K]cib6k0mVbdisHkQVhHI3bjmuKu§b0msHbvQJ,s.QVmutvdisHJ,ytvs[Z3I^b0mVJ ¤ mutvxdiy\ciZkjmbdisHkbjmt0y\tvs{J,yK]QtjkjJSQVhHI3bjmuKu§Q* ,+  UrsHciZ3QVEHJ 2 muKpQ{t0K]J¬dicecmJ,tjceciZ¥`)JsHJ 2 Qz mVb0I tvs£dis{
mJ,t0K]J_yJ
{,tj{
Z¥bj"tmE.Z.QEHI3di{3y\mhHkdesopJ_{ Qdeb0s ¨'b"JjJ,m
 
dedeQ"JmJ
x)b0KKVde`HciJaQVb¡mVJJs.QVmutvdisQEHJ{
J,cecgKrQVEtvQEtjJaceb.KpQOQVEJMjE2x@J,mVdib\y2tjsy`mVdisHkQVEHJ,I `t0{u¢¡QVbQVEHJ
xEtjKVJ,±K]Ed  QJ,y¥K]QtQJbj!J_tvmceZQVhI^b0mr{JciciK
 
QEHJsJjJ,stjy\tjs{
J_yQVhHI3bjmuK'"bjhciy¥`)JsJ 2 Qr mVb0I tjs
diI3xHmbjJ,yJ
{t0{
Z¡bv{uEmVb0sHbvQEHJmutvxHdiJ,K, ODFEHJ3Js.QVmutvdisHI3Js.Q¬{bjsyHd Qdeb0sKOy\J,K{
mde`)J,ydesQVEHdgKOmJx)bjmVQ
KVhHk0kjJ,K]Q^QVEtvQK]h{uE mJ, Js.QVmutvdisHI3Js.Q3des«x)Jmdeb\yCb0hHciyC`)J¥x@b.KVKVde`ceJ
 
diI3xHmVb[disHk£bjs{J¡tjk0tjdesCQVEHJ
J{tj{Z¦_QVb\dg{
deQpZ3mtvQVdib 
N¥b0mVJ,bjJ,m
 
J0Js deQEHJ2I3J_{uEtvsHdgKVI xmVb0x@b.K]J_yªtv`)bjJdgKdis{bjI3xHciJ
QVJ£bjmsHbvQ hHciceZ {bjmmVJ_{ Q
 NbjmI^b0s.Qtvsy N [drb0`KVJmjJ,y QVE@tQmJdis\ b0m{desHk¯QEHJ2{demu{t0y\dgtvs«mVE[Z.QVEI ¤ I3tjdesceZ«`[Z QEHJmJ,K]Qt0{ Qde[deQpZ {
Z\{
ciJ,Ku§^diI^xmVb0J,y QVEHJKVhHm[detvcmutQJ¡bvz{tvs@{
Jmx@tQVdiJs.QuK  DFEHJZ {
bjs@{
cihy\J¡QVE@tQcidek0E0Q
QEHJmutvxdeJ_KFbjm'KVceJ,Jx¡ItvstjkjJI3J,s0QI3dikjE.Q'`@JhK]J_yQVbEHJ,cex¥dis¥{uEHmVb0sHbvQEHJmutvxdeJ_K !­£JxHmbjx)b0KVJrEHJ,mVJ
tO`@tjKVdiK! b0mntO`Hdib\{uEHJI3dg{tvc@tvceQVJmstvQVdijJ"QVbzmJdis\ bjmu{
JFQEHJ'J)J_{ Qnbj@QEHJS{
dimu{tjyHditjsamE[Z0QEHI
 
tjsyaQVE[hK
J,sHEtjs{
J"QVEJ"J)J_{ Q®bj){tjs{
J,mQVEHJ,mtjxHdeJ_K Hb0mJHtvI3xHciJ
 
y\mhHk.K=QutvmkjJQVdisHkr­ª´n´'bjmq 	 qFj~SI3dek0E0Q
EJcixI3b[yHhHcitvQVJQEHJSxmVbjQVJdis  Kn{bjs{Js.QVmutQdeb0s^b0mt0{ QVdi[d QpZ3tvs@y^QVEHJ,mVJ bjmJ bjmu{
JQEHJSJ,s.QVmutvdisHI3Js.Qndis
x)Jmdib[ybv;{tjs{
J,m{
JcicgK 
7yAgK@cdmky=6L_G Lm8 Lm@ `h
­£JS"bjhciycidi¢jJ'QbQEtvsH¢mtjs
b0diKtvk0J,K® bjm"EHdiK"tvciFtZ[K;QVEHb0hHkjE.Q xHmbjb0¢.disHkOmJItvm¢\Kntvs@yhKVJ
 hHc
f.hHJ_KpQdeb0sHdisHktv`)bjh\QSI3JQVEHb\y\b0ceb0kjZ
 
tjsy¡°'ci`@J,m]QrT¬bjcgy\`@JQVJ,m' bjmEdiKSdesHdeQVdgtvc=desHxh\Qrb0sQEHJy\dimVJ_{ Qdeb0s
Qb^Qtv¢0J¬ bjmFQVEdiK"bjm¢8 
  ¯	
  )
    a
 !"#"$&%#(')&*,+.-0/1%("325476!*0$8& 96!":*;/&)!< "
>=&")";+?%!) 9
$ ")";+7%)A@CB&#&DE32GFHI $ ")"J+?%)K@ML760NO2QPAIQPPE&HI $ ")";+7%)A@CB&#0+&$&'$2RPAIRDE HI
$ ")";+7%)A@TS&"$NO2QPAIGFHI $ ")"J+?%)K@TB ";+&$'A2UE HI $ ")";+7%)A@TL&"$?V2QPAIQP?FHWI
$ ")";+7%)A@CB ""$?2,FHI $ ")"J+?%)K@TB?9DEV2,FHI $ ")";+7%)A@CB?90N&J+&$2RPAIMPP?FHI
$ ")";+7%)A@CB?90N&32RPAIRE HWI $ ")"J+?%)K@TB?90N&;+X2RPAIQE HIY$ ")";+7%)A@CB?6,+&$&'K2,FWIRE HWI
$ ")";+7%)A@CB&#N&J+X2,FHI $ ")"J+?%)K@MS76V2QPAIRD HI $ ")";+7%)A@TLN&;+2RPAIRD HWI
$ ")";+7%)A@CB?6!"$?2RPAIRE HWI $ ")"J+?%)K@TBN$?J<2UE HI $ ")";+7%)A@CB&#N&32,FHI
zmz Ä{F|R}R~R|
    xS C
	 
$ ")";+7%)A@TS&"&V2,F!HI $ ")"J+?%)K@MS760NO2QPAIRD HI $ ")";+7%)A@TL&"&DEV2RPAIQP?F!HI
$ ")";+7%)A@CB?9,+&$&'K2RPAI E&HI $ ")"J+?%)K@ML76DE32RPAIQP7FHIY$ ")";+7%)A@CB&#A2RPKIGFHI
$ ")";+7%)A@CB&#0+&$&'K2UD HI $ ")"J+?%)K@ML&"!NO2QPAIQPPE&HI $ ")";+7%)A@TS&"!NO2,F!HI
$ ")";+7%)A@CB?9A2RPKI 7HI $ ")"J+?%)K@MS&"$?2RPAIGFHWI
&"% 6*0<1)/7&9
=	
 $&)=	
B?9,+&$&' '*!)	;$&)=OI
B&#0+&$&'$ $&)=	 '*!) $&)=			KI
B&#0+&$&'$= '*!)=		KI
B&#0+&$&'=&= '*!)=	=&		KI
B&#0+&$&'=& $&)=	 '*!) $&)=		=&	KI
B ";+&$&'MDE0=	 $)=	 '*!) $&)=		TDE=		=	AI
B?6,+&$&'&7F=	 '*!)=	&7F		0$)=	AI
+?"&)&*V@Q)"% 6!*32TB ";+$&' 0B?6G+&$&'?HI
&7F
S760N!"&?F,= 3@ML76;N#&?F,=	?H '&*!)$?F,=&?F I
@MS&"$N	#!S&"!N!%=	7H&?F 3@TL&"!N#" ?F?H '&*!)$?F&"=		&?FG=I
@TB?90N&;+&$#B790N&;+'C4(	7H 3@MLN;+#BN$?;<T=(	 H '&*!) C4(		&7F + I
B&#N&J+*&?F +! '&*!)$?F +KI
B?90N&	&7F +! '&*!) &?F +!	&?F I
B&#N&	&7F '&*!)$&?F&KI
B&#N&	&7F,=	 '&*!)$&?F,=		KI
# !DE
S76TDE=		 3@ML76!DE#MDE=	?H '&*!)DE=	!DEKI
@MS&"$?#!S&"&%=	7HMDE 3@ML"&DE#+QDE?H '&*!)DE=			!DE=I
B?9DE '&*!) 	DEKI
B&#&DE	%MDE '&*!)(DE	KI
B&#&DE	%MDE= '&*!)(DE=KI
$=&
B?9"=	 '&*!)=			,OI
B&#, '&*!),	KI
B ""$?,%=&&6- 3@ML&"0$?#!=&&6?H '&*!).!=&&6,		!=&AI
B?6!"$?=& 3@ML&"0$?#!=&?H '&*!).!=&	!=&&63I
"z
 
	  !! "	#$$%	&'  _
 &*0/$ 
*!# !%)(=(		;/< D!PP  S *KI F;PP <WF0D
PE7F

PE
$ ")";+7%)A@ 90=O2,F IRE HI $&")";+?!%)A@TB#!<2RPAIMP?FHI $ "!)";+?%)A@MS!=&K2RPAI FHI
$ ")";+7%)A@TL	=O2RPKI
7HI $&")";+?!%)A@TB790=O2RPAI7HI $ "!)";+?%)A@TB32RPAIGFHWI
$ ")";+7%)A@0+ =O2,F IGFHI $&")";+?!%)A@MS&D=O2RPAI  7HI $ "!)";+?%)A@MS =&K2RPAI?HI
$ ")";+7%)A@TL+ =O2RPKI ?FHI $&")";+?!%)A@ML#!$2RPAI FHI $ "!)";+?%)A@TB
32RPAIRE HWI
$ ")";+7%)A@CB&#0+&$2QPAIQP?FHWI $&")";+?!%)A@TBA2RPAIRD&HI $ "!)";+?%)A@#!=&K2RPKI
7HI
$ ")";+7%)A@ 9!K2,F IGFHI $&")";+?!%)A@MS F,=O2RPAI?HI $ "!)";+?%)A@#!=&(O2RPKI
7HI
$ ")";+7%)A@TL	 K2RPKI7HI $&")";+?!%)A@ML!$2RPAIGF!HI $ "!)";+?%)A@TB?9;4O2RPAIGF;D HI
$ ")";+7%)A@0+?K2,F!HI $&")";+?!%)A@TB K2RPAI7HI $ "!)";+?%)A@MS D04O2RPAIGF!HI
$ ")";+7%)A@TL+?K2RPKI?HI $&")";+?!%)A@#=&K2RPKI
7HI $ "!)";+?%)A@TB32RPAIRD HWI
$ ")";+7%)A@CB&#0+ V2QPAIQP?FHWI $&")";+?!%)A@TB79!K2,FWI7HI $ "!)";+?%)A@MS FG4O2RPAIRE&HI
$ ")";+7%)A@ 904O2,F!HI $&")";+?!%)A@MS&DK2RPAI FHI $ "!)";+?%)A@TB7EV2RPAI?HWI
$ ")";+7%)A@TL04O2UD3IRD HI $&")";+?!%)A@MS F;K2RPAI7HI $ "!)";+?%)A@#!4&K2RPAIQE HI
$ ")";+7%)A@0+ 4O2RPKI7HI $&")";+?!%)A@TB#!<?V2RPKIGF0D HI $ "!)";+?%)A@MS!4O2RPAIRD&HI
$ ")";+7%)A@TL+ 4O2RPKI?HI $&")";+?!%)A@#K2RPKI
7HI $ "!)";+?%)A@MS 4O2RPAIRE&HI
$ ")";+7%)A@CB&#0+2QPAIQP?FHWI $&")";+?!%)A@MS&D=&K2RPKIGFHI $ "!)";+?%)A@#!4(O2RPAI7HI
$ ")";+7%)A@C<2?HI $&")";+?!%)A@TB D32RPAIRD&HI $ "!)";+?%)A@#-(O2RPAI7HI
$ ")";+7%)A@ +X2UD HI $&")";+?!%)A@MS F,=&K2RPKI?HI
$ ")";+7%)A@TL#A2RPAI  7HI $&")";+?!%)A@TB F 2RPAI7HI
 +(
 90=! 4(	;< 3@ML	=;<#C4(	;< H '&*!)C4(		=I
0+ =!"=	 3@TL+ =#"=	?H-#0B&#0+&$%=	 '&*!)=	KI
 9! 4(	;< 3@ML	 ;<#C4(	;< H '&*!)C4(		&AI
0+?"& 3@TL+?#"&?H-#0B&#0+ %& '&*!)	KI
 904!0L04,+' V@ML04G+#C4(,+H '&*!)	4I
0+ 4!"4	 3@TL+ 4#"4	?H-#0B&#0+%4	 '&*!)4	KI
B?90=!"=	 '&*!)=		=&AI
S D=! =&!=	 V@ML#!$#+C=&!=	7H '&*!)=!=	=AI
BC= '&*!)=	=#AI
S F,=! =& 3@TL$#C=?H '&*!)=	=&=I
B&#!< =& '&*!)=	KI
B C=M '&*!)=#=&AI
B&#!< =&!=		##=&%C=&!=		 3@ML#	#+C=&!=	7H '&*!)=!=	3I
B?9!"& '&*!)&	AI
S DT!=	 V@ML#!$#+M!=	7H '&*!)!=	AI
S F;T 3@TL$#M?H '&*!)	=I
B&#!<?%M '&*!)	KI
#%M!=		 3@ML#	#+M!=	7H-#B&#!<!M!= '&*!)!=	3I
S D=&%C=&!= 3@ML#$#C=&!=	?H '&*!)=!=	0=&AI
zmz Ä{F|R}R~R|
xM    xS C
	 
S F,=&%C=&	 3@ML$#+C=&7H '&*!)=	=!=I
B7D	C=(	 '&*!)=(	=AI
BWFC= '&*!)=	=(I
B&#!< =& '&*!)=	3I
S=&%C=&(= 3@ML#$#C=&(=	?H '&*!)=(=	0=&(I
S !=&%C=&(		 3@ML$#+C=&(	7H '&*!)=(	=(=I
B J< '&*!) J<	4(	#!=&(I
B
C4(	C=(	 '&*!)4(#!=&(		;<I
B&#!< =&(	 '&*!)=(	3I
#=&	C=&=	 3@ML#	#C=&!=	?H-#0B&#!< = !=	 '&*!)=!=	KI
#=&(C=&(=	 3@ML#	#C=&(=	?H-#0B&#!< = (=	 '&*!)=(=	KI
B?904!"4	 '&*!)4		4&AI
S D4! 4&!=	 V@ML#!$#+C4&!=	7H '&*!)4!=	4AI
S F,4! 4& 3@TL$#C4?H '&*!)4	4&=I
BC4(	 '&*!)4(	4&KI
B7E	C4 '&*!)4	4(OI
B&#!< 4& '&*!)4	KI
#4&%C4&!=		 3@ML#	#+C4&!=	7H-#B&#!<!C4&!= '&*!)4!=	3I
S4! 4(=	 V@ML#!$#+C4(=	7H '&*!)4(=	4(I
S !4! 4(	 3@TL$#C4(	?H '&*!)4(	4(=I
B&#!< 4(	 '&*!)4(	KI
#4(!%C4(=		 3@ML#	#+C4(=	7H-#B&#!<!C4(= '&*!)4(=	3I
#-(!% ;< V@ML#	#;<?H-#0B&#!<;< '&*!) J<	KI
	;<?60% 6!"9%"%
$&)&9!0<&%A@T$&)=	A2QPAIRD
     D  HI $&)&9<&%A@M=K2RPAI F& D   7HI
$&)&9!0<&%A@ =A2RPAI

PP  
7HI $&)&9<&%A@M=!=O2RPAI FF 
E  D7F0E HWI
$&)&9!0<&%A@RDE32RPAID  E  7HI $&)&9<&%A@RK2 AIQP E
 D 
7HI
$&)&9!0<&%A@RDE=O2RPAI   
P PPE?HWI $&)&9<&%A@R!=O2RPAI
?F0E F ?F0D  HWI
$&)&9!0<&%A@ &?F 2RPAIMPPDD   
  E7F 
7HI $&)&9<&%A@M=K2UEKI&DE7F0D ?FHI
$&)&9!0<&%A@ &?F,=O2RPKIGF& DPE  E 7HI $&)&9<&%A@M=(O2  AIQEP &E?F 
7HI
$&)&9!0<&%A@=K2RPAIQP P EP P 
7HWI $&)&9<&%A@M=!=O2RPKIRDEP?F 
 ?F!HI
$&)&9!0<&%A@,A2QPAI F E E7F!HI $&)&9<&%A@M=(=O2RPKIRD     
?F 
?F!HI
$&)&9!0<&%A@ &?F +X2RPKIGF  FF  P?F& D&HI $&)&9<&%A@M4K2,FWI
7F& ?F  F 
D HI
$&)&9!0<&%A@=&6V2RPAI  
 DD  FHWI $&)&9<&%A@M4!=O2RPAI  F    
  D HI
$&)&9!0<&%A@ =A2UDKIP
EP 
7HI $&)&9<&%A@M4(O2RPAI P ?F ?F 

7HI
$&)&9!0<&%A@ &32,FWIRE  P    E&HI $&)&9<&%A@M4(=O2RPAIQD	 ?F& 
P 
 7HWI
"z
 
	  !! "	#$$%	&'  ~
$&)&9!0<&%A@ 4A2 
AIEE7F;P D HI $&)&9<&%A@ J<2RPAI  
P   
  7HI
$&)&9!0<&%A@ A2OI
 

    DE HI
   F!" 
*e+0J,KKVdi{,tª­| ¬RFtjmVsHJ_K
 
L[EHJciciJZ|° zDFdgKV{uEH¢tjh
 
0J
8mVJ,Z ° ORFtjmVsHJ_K
 
jJ,sHsHde Jm­| zN¥deQ{uEJcic
 l!J,sHs[Z¥­| RhmVk0b.b0s
 
0t0K]b0swz ¨'dg{u¢jb0¢
 
tvs@yNtjm]QEt CT¬diciceJQ]QVJ0 wJ_f0hdemJI3Js.Q¬bvnItvI 
ItjcedgtvsQVdiI3JciJ,KKF bjm'{demu{t0y\ditjsmE[Z0QEHI3di{d QpZ0   	& s
 
00 ¤ ~vMM[§  M01 M%M.   U¬{
QVbj`)JmSjj0H 
* +\NtvhHmJs@{
JSq"tvci³b0sHJ
 
#rtQVE@tvcideJSqEtj`HmVdiJm±wde[diJm
 
HmutvsbjdgK!tvk0J,K
 
Nh{deJcT¬J,s0QdecgK
 
tvs@y^L[Z[citvdis
L\bjcideItvs= .Nt0{uEHdisHJnciJ,tjmVsHdisHk'`deb+6I3bjciJ,{hHcgtvm=dis.QVJ,mt0{ QVdibjs@K mbjI QVJ,I^x)bjmutvc.cibjkjdg{®xmVb0x@J,m]QdeJ_K 0T±s
T¬b0myHbjszl®cibvQ¢.dis
 
J_y\d Qbjm
 
 	 
   	O#$xsss	    aFO 	#^#   s    Q   	& 
 Fx  	    
  
K	&$
 
v00~\ 
* +zmtjs
b0diKrtjkjJ,K
 
L\Z.citvdisL[bjcidiI3tjs
 
tvsy #rtQVE@tvcideJqEtv`HmdiJm wdi[deJ,m, FN¥b\y\J,cecidesktvs@y¥f0hJmZ 
disHkdes.QJmutj{ Qdeb0ssHJQpb0mV¢\KSdes2QVEHJ3`Hdib\{uEHJI3dg{tjctj`KpQmt0{ Q¬I3t0{uEHdisHJ^R"TVUzq"¨r°SN   #R

c	& ^	&s  	&   - _
 	   #R
 
M ¤ j§  MF.   U¬{ Qbj`)JmSjjM@ 
* M+\N=bjsHdisHk¥Hh
 
¨'J,ceJ,sHJ3lJ,cedg{tjsHb
 
jdisKVbjsHk Ndih
 
l!Jsk¡¨Shtvsk
 
tvs@y¯qEHJ,sHkqEHdNJ,Jj 3DFEHJ{
dim
{,tjy\dgtvs kjJ,sHJx@J,mVdib\y2xHcitZ\K3tvsCdeI3x)bjmVQtjs0QmbjciJdisCQVhHI3bjmKVhHxHxmVJ_KVKVdeb0sCtjsy y\s@t£ytvItvk0J
mJ,KVx)bjsKVJOdes¡[de0b   
 
j0 ¤ .j§  M\~v   jj0H 
* ~+0J,tjs]qEHmVdgK]QVbjxEHJKNJcibjhx3tjsy3°'ci`@J,m]Q T¬bjcgy\`@JQVJ,m, qEtvb.K®tvs@ya`demE[Z0QEHI3di{d QpZadestOI3b\y\J,c\ bjm
{demu{t0y\dgtvsb0K{
dicecgtQdeb0sKFbvQVEHJx@J,mStvsyQdeI xHmbvQVJ,des@KFdesy\mb0KVbjxEHdecgtH   #R"  s#^ 	&s

c	& ^
 
1j  M%M.~MM 1
 
111 
* +qEmVdgKpQbjxHEJm T^ cNdgK
 
0tjI3J,K¡" QT¬mVh\QuKV{uE
 
l;tQmVdg{
dgt ­£b[b\y
 
Ntvm¢«M®bjh
 
T±tvsXw'di{uE
 
tvs@y
­ªdicicedgtvI@ )N 8¨'mhKVEHJ,KV¢[Zj rqdim{,tjy\dgtvs¡QdeI3disHkdis{,tvs{JmQmVJ_tQVI3J,s0Q DFEHJ`Hdibjcibjk0di{,tvc b0hHs
ytQVdibjs b0m'tvsdes.QVJ,kjmutQde0J¬tjxHxHmb0tj{uE=  F  #^W	   s# F#^s	& 
 
 ¤ j§ e_0~8j0   jj0H 
*/.,+zDtv¢[hHZ.tNtQuK]hb
 
L[E[hHs«MntvItjkjh{uEHd
 
L[EHdikjJmh N¥deQKVhHd
 
°'¢[dS´®I3d
 
HhH¢[hH¢0b L[EHdiI3b[yt
 
tvs@y
¨Sd Qb0KVEHd!Ur¢tjIhHmutH "qb0s.QVmbjcI3J,{uEtjsHdgK]I bvQVEHJ{demu{t0y\dgtvs¡{
cib[{u¢ bjmQdeI3disHkbj!{Jcic=y\di.dgKVdeb0s
dis¡[de0b   	& s
 
00 ¤ ~vM0.§ Çj~j~\0~1   U¬{
QVbj`)JmSjj0H 
* +zNtvmdeJpqEHmdgKpQdesHJ^N¥bjmI3bjs.Qztvsy2Hmutvs{diKrN ,[d? ^q"tjs{
J,m¬{uEmVb0sHbvQEHJmutvx[Z xHmdes{dexceJ_K
 
tjxHxHcid 
{,tQdeb0sK
 
tjsyx@J,mKVx)J,{ Qde0J,K,   >s#
 
1 . ¤ _§ e~j~),%1   .tvs[htjmVZjj0H 
* 1+! 8EHdecidis#"rh
 
­| wb0`H` Ntj{xNJ,cecgtvs
 
tjsy$.tvI3J,K# "­2J,diKK,  	 Z.s@tvI3di{,KbjzQVEHJ£{
JcicO{
Z\{
ciJ 
{uEJ,{u¢[x@b0des.QuK
 
KVde³,JmuK
 
tjsyQVdiI^J,mK,  
K	&s   	&    #R
 
0~ ¤ 0§  0j0[0H0   v0j 
*i,+rPOJ,³di`tvs&%'sKtvc& Pzt7
Itv³
 
DFEbjItjKS´' N¥hHciceJ,s
 
­ªdiceciditjIUP3 Pztjh\ ItvsHs
 
tjsy°S³di³3L\tjs{tjm, 
qb0hHxHcideskbv'E[hHItjs {
dim{,tjy\dgtvs©tjsy©{Jcic"{Z[{ceJ_K`[Z£QVEHJQVdiI3JciJ,KKxmVbjQVJdis   s # 
 
 #'
c	&$
 
j~ ¤ 0§  ,%1[j_   °SxHmVdic=v00~H 
zmz Ä{F|R}R~R|
Unité de recherche INRIA Rocquencourt
Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Futurs : Parc Club Orsay Université - ZAC des Vignes
4, rue Jacques Monod - 91893 ORSAY Cedex (France)
Unité de recherche INRIA Lorraine : LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38334 Montbonnot Saint-Ismier (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
